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[14C]Quincetone was prepared from Ba14CO3 with a radiochemical yield of 21.3%. Ba14CO3, as starting material, was acidified to release 14CO2,
which reacted with PhMgBr to [14C]benzoic acid. [14C]Benzoic acid was reduced with LiAlH4 to [14C]benzyl alcohol, and oxidized with CrO3 to
[14C]benzaldehyde. In the last reaction, [14C]benzaldehyde was condensed with 3-methyl-2-acetyl-quinoxaline-1,4-dioxide to [14C]quincetone. The
specific radioactivity of the labeled product was 7.76 mCi/mmol and its radiochemical purity was >97%.
Introduction
Quincetone is called 3-methyl-2-cinnamicacyl-
quinoxaline-1,4-dioxide. It has been used as a novel
animal drug and as a feed additive for antibacterial
growth promoters. Its pharmacology, toxicology, clinic
characters were investigated previously.15 Quincetone
may replace olaquindox and could be applied
extensively in poultry and livestock farming. Moreover,
quincetone (including its parent structure) meets the
requirements of modern growth promoters. In order to
investigate its absorption, distribution and excretion in
animals in the clinical practice, [14C]quincetone was
synthesized as a radioactive tracer. The synthetic route
was chosen as follows: Firstly, as starting material,
Ba14CO3 was acidified to release 14CO2, which reacted
with PhMgBr to [14C]benzoic acid. [14C]Benzoic acid
was reduced with LiAlH4 to [14C]benzyl alcohol, which
was oxidized with CrO3 to [14C]benzaldehyde. In the
last reaction, [14C]benzaldehyde was condensed with 3-
methyl-2-acetyl-quinoxaline-1,4-dioxide to the title
compound  [14C]quincetone. The scheme of synthesis
is presented in Fig. 1.
Experimental
All chemicals were obtained commercially at the
highest available purity. Chemical analysis was carried
out using a Waters 510 HPLC system. TLC analysis was
carried out using Merck silica gel coated glass plates.
Radiochemical purity was recorded on a thin layer
radioscanner Model RTLS-A. Radioactive samples were
counted with a liquid scintillation counter, Model LKB-
12D. IR spectra were taken by Thermo Nicolet Nexus
FTIR-470 Spectrometer for KBr pellets.
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Radiosynthesis of [14C]benzoic acid 6
The apparatus employed for the reaction consists of
high-vacuum manifold having provisions for
attachments to a reaction flask, a mercury manometer
and a vacuum gauge (Fig. 2).
The generator consists of a 100-ml round-bottom
flask for Ba14CO3 fitted with a side arm joint for
attachment of a 100-ml drop funnel for concentrated
sulphuric acid. The reaction flask was a 25-ml round-
bottom flask with B14 socket and with a constriction in
the middle. 602.0 mg (3.2 mmol, 62 mCi) Ba14CO3 was
quantitatively transferred to the 100-ml round-bottom
flask. It was freeze-dried and dried further by vacuum
desiccation. 30 ml concentrated sulphuric acid was
poured into the drop funnel, and the generator was then
connected to the vacuum line. Into the reaction flask,
10 ml anhydrous ethyl ether solution of 806.9 mg
(4.5 mmol) PhMgBr was quantitatively transferred and
the flask was then attached to the vacuum line. The
reaction flask was cooled with liquid nitrogen and then
evacuated up to approximately 0.00 mmHg. 14CO2 was
generated by the slow addition of sulphuric acid and was
transferred by vacuum within 20 minutes into the
reaction flask previously cooled with liquid nitrogen.
The reaction flask was flame-sealed at the constriction
and it was then thawed and stirred up for 2 hours. Then,
the flask was opened, and under refluxing and stirring,
the appropriate quantity of water and diluted HCl was
added until the solution was acidic and transparent.
The solution was extracted 4 times with 20 ml ethyl
ether. All ethyl ether solutions were combined and dried
with anhydrous Na2SO4 for 4 hours. After filtering, the
solution was rotary evaporated to dryness in vacuum.
[14C]Benzoic acid was obtained with a chemical and
radiochemical yield of 80.0% and 78.0%, respectively.
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Fig. 1. Scheme of the synthesis of [14C]quincetone
Fig. 2. Scheme of the apparatus used: A  spiral trap, B  CO2 generator, C  reaction flask, D  mercury manometer, E  vacuum gauge
Radiosynthesis of [14C] benzyl alcohol7
312.3 mg (2.6 mmol, 48.36 mCi) [14C]benzoic acid
and 436.2 mg (3.6 mmol) benzoic acid were mixed with
9 ml ethyl ether and put into a drop funnel. On stirring,
the solution was dropped slowly into 12 ml ethyl ether
containing 471.2 mg (12.4 mmol) LiALH4. After 4
hours, water was added to decompose LiALH4 and then
30 ml 10%H2SO4 was added. The solution was
extracted 4 times with 30 ml ethyl ether. All ethyl ether
solutions were combined and dried with anhydrous
Na2SO4 for 24 hours. [14C]Benzyl alcohol was obtained
with a chemical yield of 85.0%.
Radiosynthesis of [14C]benzaldehyde8
Under electromagnetic stirring and N2 atmosphere,
10 ml CH2Cl2 solution of 569.2 mg (5.3 mmol)
[14C]benzyl alcohol was added dropwise to 30 ml
CH2Cl2 solution of 3.18 g (15.9 mmol CrO3) CrO3
kieselgur (CrO3 : kieselgur 1 : 1 by weight) at
approximately 0 °C. The reaction was maintained for
20 hours. The suspension was filtered to remove the
insoluble matter. The filtrate was evaporated to a light
yellow liquid, [14C]benzaldehyde.
Radiosynthesis of [14C] quincetone
1.309 g (6 mmol) 3-methyl-2-acetyl-quinoxaline-1,4-
-dioxide (MAQO) was added to a solution of
[14C]benzaldehyde in 20 ml anhydrous ethyl alcohol
under electromagnetic stirring and then 0.8 ml
triethylamine was added. The solution reacted at
approximately 64.0 °C for 8 hours. The solution was
filtered and the residue was washed with 50% ethyl
alcohol. The product obtained was characterized by
chromatography with its authentic sample and its
radiochemical purity was checked by sillica gel thin
layer chromatography followed by autoradiography and
TLC scanning. The following solvent system was used
for chromatography: CH3CO2C2H5 : CHCl3 (1 : 1v/v).
A single compact spot on the autoradiogram and a
single peak in the TLC radiochromatogram scan were
obtained which corresponded to the spot of the authentic
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sample, as revealed by the I2 spot detection test,
showing that the product was radiochemically pure (Rf =
0.58). The radiochemical purity of [14C] quincetone was
estimated to be higher than 97%. The results obtained
from two similar experiments are shown in Table 3.
[14C] Quincetone (610.4 mg, 2.8 mmol,
7.76 mCi/mmol) was obtained from Ba14CO3 with a
radiochemical and chemical yield of about 21% and
30%, respectively.
Results and discussion
The key step in this experiment was the synthesis of
[14C]benzaldehyde. There are several methods for the
synthesis of benzaldehyde from CO2 as starting
material. First, benzoic acid is synthesized from CO2
and then transformed directly to benzaldehyde.9 Second,
under AlCl3 (including 1% TiCl3) catalysis, CO2 and
benzene react to benzaldehyde.10 Third, benzyl alcohol
is synthesized from benzoic acid and then oxidized to
benzaldehyde.7,8 Finally, benzoyl chloride is obtained
from benzoic acid and then reduced to benzaldehyde.11
Based on available materials and feasible work, the
synthesis route from benzyl alcohol was selected.
Radiosynthesis of [14C]benzoic acid
and [14C]benzyl alcohol
The synthesis of [14C]benzoic acid has been
investigated. In this step, effective application of the
vacuum manifold shown in Fig. 1 was very important
for the complete transformation of 14CO2 into
[14C]benzoic acid. The optimal molecular ratio of
PhMgBr and Ba14CO3 was 1.4 : 1 as derived from many
experiments.
In the synthesis of [14C] benzyl alcohol, the mole
ratio of LiALH4 and [14C]benzoic acid may be 1.2 : 12 : 1,
but since some I2 molecules and little water may be
present from the last step, a ratio of 2 : 1 of LiALH4 and
[14C]benzoic acid was provided to ensure that
[14C]benzoic acid reacts completely. In fact, the
obtained yield in this step was very high (>85%). On the
other hand, in order to improve the radioactivity yield of
the title compound, it was necessary to add another
436.2 mg of benzoic acid to the radiolabeled one.
Although it reduces the specific activity considerably,
this may also meet the requirements of animal
experiment.
Radiosynthesis of [14C]benzaldehyde
Standardization of the synthesis of [14C]benzal-
dehyde was carried out on a ten millimolar scale based
on benzyl alcohol. Separation was achieved on a Nova-
pak C18 (5 µm; 4.6 mm×250 mm i.d.) chromato-
graphical column (Waters), operated at 30.0±0.5 °C
temperature. The mobile phase consisted of methanol
water (20 : 80, v/v). The UV detector wavelength was
220 nm and the flow rate was 1.0 ml.min1.
Initially, two batches of the product were prepared
under the same reaction conditions employing two
different solvents, as shown in Table 1. CH2Cl2 can
remarkably improve chemical yield, compared to
petroleum ether. One important reason was that
petroleum ether could not dissolve benzyl alcohol.
Acute oxidation resulted in producing more benzoic
acid, as shown by HPLC analysis. In contrast, CH2Cl2
and benzyl alcohol are mixable, which facilitates the
oxidation of benzyl alcohol.
Table 1. Synthesis of benzaldehyde using 30 mmol CrO3 (CrO3: kieselgur 1 : 2 by weight):
Reagents and reaction conditions, different solvents
Benzyl alcohol,
mmol
Solvent,
25 ml
Temperature,
°C
Reaction time,
hours
Chemical yield,
mmol%
10 Petroleum ether 5 10 4.01 40.1
10 CH2Cl2 5 10 5.66 56.6
Table 2. Synthesis of benzaldehyde using two carrier oxidants (30 mmol CrO3): Reagents and reaction conditions
Benzyl alcohol,
mmol
Solvent,
25 ml
CrO3 : kieselgur
by weight
Temperature,
°C
Reaction time,
hours
Chemical yield,
mmol%
10 CH2Cl2 1:2 0 20 6.47 64.7
10 CH2Cl2 1:1 0 20 8.42 84.2
Table 3. Synthesis of [14C] quincetone from Ba14CO3 through a four-step reaction
Chemical yield
Ba14CO3, MAQO, Triethylamine, Radiochemical yield, (from benzoic acid),
mmol mCi mmol ml mCi % mmol %
3.1 0.52 5.6 0.8 0.21 40.8 2.47 43.0
3.2 62 6.0 0.8 13.2 21.3 1.70 29.6
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In this step, CrO3 is a selective oxidant. The
application mode of CrO3 is very important because
pure CrO3 may lead to fire. Chromic acid anhydride
absorbed on kieselgur is a new effective reagent for the
oxidation of primary alcohols to aldehydes.8 On the
other hand, sorption on kieselgur may result in loss of
benzaldehyde. 1 : 2 and 1 : 1 mixture of CrO3 and
kieselgur(w/w) were prepared. Benzaldehyde was
obtained by two carrier oxidants, as shown in Table 2.
The above results revealed that the use of CrO3:
kieselgur 1 : 1 instead of CrO3: kieselgur 1 : 2 improved
the yield of the product. By changing the reaction
conditions such as increasing the duration of heating
(from 10 to 20 hours) and temperature (from 5 to 0 °C),
the yield was increased to approximately 84%.
The optimized reaction conditions were used for the
synthesis of [14C]benzaldehyde, which was immediately
applied in the radiosynthesis of [14C] quincetone.
Radiosynthesis of [14C] quincetone
The results from the two experiments are shown in
Table 3. The product obtained from each experiment
was characterized and its chemical purity was checked
by silica gel thin layer chromatography using the solvent
systems indicted above. The IR spectrum of [14C]
quincetone was also the same as the IR spectrum of the
authentic standard. Ethyl alcohol as reaction solvent was
important. It can dissolve more MAQO but little
quincetone. On the other hand, it can absorb water
molecules produced in the reaction. These contributed to
the production of [14C] quincetone in high yield (43%,
based on [14C]benzoic acid).
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